Insights into retinoic acid deficiency and the induction of craniofacial malformations and microcephaly in fetal alcohol spectrum disorder.
Fetal Alcohol Spectrum Disorder (FASD) is a set of neurodevelopmental malformations caused by maternal consumption of alcohol during pregnancy. FASD sentinel facial features are unique to the disorder, and microcephaly is common in severe forms of FASD. Retinoic acid deficiency has been shown to cause craniofacial malformations and microcephaly in animal models reminiscent of those caused by prenatal alcohol exposure. Alcohol exposure affects the migration and survival of cranial neural crest cells, which are required for proper frontonasal prominence and pharyngeal arch development. Defects in craniofacial development are further amplified by the many downstream pathways that are transcriptionally controlled retinoic acid target genes, including Shh signaling. Recent evidence shows that alcohol exposure itself is sufficient to induce retinoic acid deficiency in the embryo. These data suggest that retinoic acid deficiency is an important underlying etiology of FASD. In disorders like Vitamin A Deficiency, FASD, DiGeorge (22q11.2 Deletion Syndrome), CHARGE, Smith-Magenis, Matthew-Wood, and Congenital Zika Syndromes, evidence is accumulating to link reduced retinoic acid signaling with developmental defects like craniofacial malformations and microcephaly. Research focus on characterizing the effects of retinoic acid deficiency during early development and on understanding the downstream signaling pathways involved in aberrant head, and craniofacial development will reveal underlying etiologies of these disorders.